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In order to improve four-beat-rhythm and forelimb action of tölt in Icelandic horses (ICE), 
special shoeing techniques are applied particularly in front hooves by increasing hoof length 
and height. Although regulations limit dorsal hoof wall length (LDHW) in competition ICE, 
their shoeing often deviates from a biomechanically optimal distal limb conformation.  
This study qualitatively and quantitatively describes current shoeing practices of ICE in 
competition. Moreover, the influence of LDHW on the occurrence of deviations from a standard 
hoof conformation, as well as on tölt performance was investigated.  
At four European competition sites, hoof dimensions of 133 randomly selected ICE were 
measured manually, and limb conformation and hoof balance were described. Dorsopalmar/-
plantar and lateromedial radiographs of the left front and hind hooves were taken and various 
parameters related to hoof dimensions and balance were measured using the Metron-Hoof-Pro 
software.  
Toe flares had the highest prevalence of all investigated hoof deformities. Multiple logistic 
regression analysis revealed that longer LDHW was associated with the occurrence of toe flares 
(P=0.045), a broken hoof pastern axis (P=0.003), and asymmetry of the quarter wall heights 
(P=0.015). However, horses with longer LDHW achieved higher competition scores. In spite of 
its positive effect on tölt quality, a long LDHW is not recommendable as it may be associated 
with higher prevalence of certain hoof deformities. 
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Um Viertakt und Vorhandaktion im Tölt beim Islandpferd zu verbessern, werden vor allem an 
den Vorderhufen spezielle Beschlagtechniken angewandt, die zu einer längeren dorsalen 
Hufwandlänge (LDHW) und hohen Hufen führen. Trotz bestehender Limitierung der LDHW im 
Turniersport, weichen Hufbeschlag und -balance häufig von derzeit geltenden 
biomechanischen Prinzipien ab. Ziel der Studie war eine qualitative und quantitative 
Beurteilung der Beschlagsituation im Islandpferdesport, sowie die Untersuchung des 
Zusammenhangs zwischen LDHW und dem Auftreten von Hufkapseldeformationen. Die 
Gangqualität wurde anhand von Töltnoten beurteilt. Hierfür wurden an vier internationalen 
Turnieren stichprobenartig Hufe von 133 Islandpferden manuell vermessen, geröntgt und 
hinsichtlich Gliedmassenkonformation und Hufbalance beurteilt. Mit der Metron-Hoof-Pro 
Software wurden auf dorsopalmaren/-plantaren und lateromedialen Röntgenbildern der 
jeweils linken Hufe relevante Parameter für die Beschreibung von Hufdimension und -balance 
erfasst. Es wurden am häufigsten Flares an der Zehe beobachtet. Eine multiple 
Regressionanalyse zeigte, je länger die LDHW, umso häufiger traten Flares im Zehenbereich 
(P=.045), eine gebrochene Zehenachse (P=0.003) und Asymmetrien der seitlichen Hufwände 
(P=0.015) auf. Ausserdem korrelierte die LDHW positiv mit den Töltnoten. Aufgrund dieser 
Ergebnisse ist im Sinne des Tierschutzes für Islandpferde mit Stockmass <1.45 m eine 
maximale LDHW von 80 bis 90 mm zu empfehlen. 
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A B S T R A C T
In order to improve the four-beat-rhythm and forelimb action of the tölt in Icelandic horses (ICE), special
shoeing techniques are applied particularly in the front hooves by increasing hoof length and height, or
by adding weight to the distal limbs. Although regulations limit dorsal hoof wall length (LDHW) in
competition ICE, their shoeing often deviates from a biomechanically optimal distal limb conformation.
This study aimed to qualitatively and quantitatively describe current shoeing practices of ICE in
competition. Moreover, the influence of LDHW on the occurrence of deviations from a standard hoof
conformation, as well as on tölt performance was investigated. At four European competition sites, hoof
dimensions of 133 randomly selected ICE were measured manually, and limb conformation and hoof
balance were described. Dorsopalmar/-plantar and lateromedial radiographs of the left front and hind
hooves were taken of each horse. Various parameters related to hoof dimensions and balance were
measured on radiographs using the Metron-Hoof-Pro software.
Flares of the dorsal hoof wall had the highest prevalence of all investigated hoof deformities. Multiple
logistic regression analysis revealed that longer LDHWwas associated with the occurrence of toe flares (P =
0.045), a broken hoof pastern axis (P = 0.003), and asymmetry of the quarter wall heights (P = 0.015).
However, horses with a longer LDHW achieved higher scores in competition. In spite of its positive effect
on tölt performance, a long LDHW is not recommendable as it may be associated with a higher prevalence
of certain hoof deformities.
ﾩ 2020 Elsevier Ltd. All rights reserved.
Introduction
In Icelandic horses (ICE), shoeing has been traditionally used to
influence the gait. Front hooves are grown high and long and
additional weights are added. This method has empirically been
associated with enhanced performance in competition (Feldmann
and Rostock, 1986). Scientific studies recently confirmed that such
shoeing styles lead to an improvement of tölt quality by increasing
regularity of its four beat rhythm, lowering stride frequency, and
enhancing forelimb action (Pecha et al., 2011; Waldern et al., 2013;
Weishaupt et al., 2013).
In spite of this improvement of performance, this shoeing style
may be problematic from a biomechanical perspective as it
contradicts standard principles of balancing hooves. A longer toe
results in a longer lever arm during break-over, prolongs its duration
and increases the distal interphalangeal joint (DIPJ) moment in both
ICE (Weishaupt et al., 2014) and Warmblood horses (WB) (Clayton,
1990). The higher DIPJ moment during break-over increases tension
within the deep digital flexor tendon (DDFT) and its accessory
ligament, and compression of the navicular bone (O’Grady and
Poupard, 2003; Page and Hagen, 2002). A long toe has also been
associated with the development of horn capsule deformitiessuch as
hoof cracks and flaring (Moyer, 2003).
In order to prevent extremes, the International Federation of
Icelandic Horse Associations (FEIF) introduced shoe checking
procedures at competitions. When the present study was carried
out, the permitted front dorsal hoof wall length (LDHW) for ICE in
competition was 95 mm for horses up to 1.44 m withers height and
100 mm for horses of 1.45 m and taller (International Federation of
Icelandic Horse Associations, 2013). To the authors’ knowledge,
there are no published studies determining whether controlled
hoof size in competition conforms to current shoeing standards, or
if a high, long hoof conformation is associated with structural
deformities of the hoof capsule.
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In domestic horses, hoof shape and health is significantly
determined by hoof care, i.e. trimming and/or shoeing. The aim of
regular shortening and reshaping the hoof is to restore hoof
balance and, presumably, optimise limb loading. In WB, hoof
trimming has been shown to have a crucial influence on hoof
conformation: Shortening LDHW influences the position of the
distal phalanx (P3) in relation to the hoof capsule, and increases
dorsal hoof (ADHW) and palmar/plantar P3 angles (AP3palmar/
AP3plantar) (Kummer et al., 2006).
Correct hoof preparation and shoeing involves consideration of
aspects including hoof angle and length, alignment of the hoof-
pastern axis (HPA), as well as longitudinal and mediolateral hoof
balance (Balch et al., 1991). Standardised radiographs provide
valuable information for a complete evaluation including align-
ment of bony structures within the hoof capsule (Kummer et al.,
2004). Beside these general guidelines, anatomical parameters
such as body mass (BM) (Balch et al., 1995; Turner, 1992) and size
(Kummer et al., 2006; Thieme et al., 2015) of the horse, as well as
limb conformation (O’Grady and Castelijns, 2011) and the size of P3
(Kolstrung et al., 2004) should also be considered when assessing
shape and size of the individual hoof.
The aims of this study were: (1) to quantitatively and
qualitatively assess current shoeing practices, hoof condition
and balance in ICE at different international competition sites by
means of manual and radiographic measurements; (2) to investi-
gate the correlation between LDHW and the occurrence of hoof
deformities; and (3) to correlate tölt scores in competition with
LDHW.
It was hypothesised that ICE with high, long hooves would show




In total, 133 horses (withers height, 1.39  0.03 m [mean  SD]; BM: 368  29
kg) were drawn by lot (using the start number) by the organisers at four
international FEIF competitions: International FEIF Breeding Show in Herning,
Denmark (DEN, n = 30), National Icelandic Horse Competition (Landsmòt) in
Reykjavík, Iceland (ISL, n = 33), Nordic Championship in Eskilstuna, Sweden (SWE, n
= 33) and Mid-European Championship in Wehrheim, Germany (GER, n = 37).
Shoeing condition, hoof and limb conformation were assessed by a veterinarian (M.
A.W.) and an experienced farrier for ICE (M.K.) following a standardised protocol
(Table 1). Radiographs of the left front (LF) and hind (LH) hoof were taken.
Data acquisition
Withers height was determined using a measuring stick with horses standing
square on level ground. Body mass was assessed using a weight tape (Equimax, Virbac,
Barneveld). Dorsal hoof wall length and ADHWwere measured according to Weishaupt
et al. (2013). Hoof capsule deformities and pathologies were recorded and included:
Asymmetry of quarter wall heights (lateral/medial), occurrence of flares (toe/lateral/
medial wall), uneven coronary band (deviations of the outline of the coronary band),
ring hooves, contracted heels, uneven bulbs and hoof cracks. Hoof balance was
evaluated and whether hooves were in need of trimming or shoeing.
Size-standardised radiographs were taken according to Kummer et al. (2004) in
lateromedial and dorsopalmar/dorsoplantar projections, using a digital X-ray
system and cassettes of Sound Eklin (Sound-Eklin Wireless Mark 1114cw/Mark IIIG).
Fifty millimetre metal markers and landmarks with barium dots were placed on the
hoof as described by Kummer et al. (2004). For reasons of practicality, radiographs
were only taken of the LF and LH.
Radiographic measurements were done after importing the radiographs into
Metron-Hoof-Pro (EponaMind). Scaling was checked using the markers placed on
the dorsal hoof wall in lateromedial images and the calibration marker embedded
into the podoblock in dorsopalmar/dorsoplantar projections. The ground reference
line defined the ventral margin of the shoe; protruding nails, road nails or studs
were neglected. Ten parameters in lateromedial views (Fig. 1) and four parameters
in dorsopalmar/dorsoplantar views (Fig. 2) were measured. Cranial balance length
(LBalance) was calculated by dividing LSupport_Toe by the supporting length of the




 . To relate dimensions of the hoof capsule
to a fix bony structure, the ratio (RVolc =
VolcHoof
VolcP3
) of the volume coefficients of the
hoof capsule without shoe (VolcHoof = LHoof (length)  WHoof (width)  HHoof
(height of the hoof capsule)) and P3 (VolcP3 = LP3 (length)  WP3 (width)  HP3
(height of P3)) was calculated. The AP3palmar/AP3plantar on the lateromedial view
was defined as positive if the apex of P3 was lower relative to its wings and as
negative if the apex was higher than the wings (Fig. 1). On the dorsopalmar/
dorsoplantar view, the mediolateral angle of P3 to the ground (AP3med-lat) was
defined as positive if the lateral wing of P3 was higher than the medial one, and
vice versa (Fig. 2).
Gait performance
The correlation between tölt performance and LDHWwas tested using the scores
of the qualification and final runs of 50 horses competing in four gait or tölt
competitions (International Federation of Icelandic Horse Associations, 2013) in
SWE and GER.
Statistical method
Statistical analysis was performed with SigmaStat (version 3.5, Systat) and R
Studio (version 3.4.4). Normality of data was tested prior to further analyses
(Kolmogorov–Smirnov test). Data determined from the horses at the four
competition sites were compared using one-way ANOVA with succeeding post-
hoc t-tests (Holm–Sidak method). Differences between front and hind limbs were
tested with t tests. To test for an association between LDHW or RVolc, and selected
continuous hoof parameters and gait performance, we applied the function cor.test,
with the test statistic based on the Pearson’s product moment correlation
coefficient. To test if hoof pathologies were dependent on hoof size, several
independent logistic regression models were applied, using LDHW or RVolc as a
predicting value and the presence or absence of the pathology as a binary outcome
variable. Level of significance was set at P < 0.05.
Ethical review
Experiments were carried out with the approval of the Animal Health and
Welfare Commission of the Canton of Zurich (Approval number, 206/2010; Approval
date, 9 November 2010).
Results
Descriptive data
Based on the assessment of farrier and veterinarian, 72% of the
investigated horses were in need to be shod. Results regarding
shoeing characteristics and limb conformation are listed in Table 1.
The most frequent conformation was toed-out in combination with
knock knees in front and a cow-hocked conformation in hind limbs.
Manually and radiographically determined hoof dimensions
and angles at the four different competition sites are compared in
Table 2. Body mass and LDHW were significantly increased at ISL.
Dorsal hoof length showed a (weak) significant relationship with
Table 1
Frequencies of shoeing characteristics and limb conformations (mean  standard
deviation or prevalence in absolute numbers and percentages; total n = 133).
Parameters were recorded if the condition was observed in one or both limbs of the
respective limb or hoof pair.
Shoeing Front limb Hind limb
Horseshoe width (left hooves; mm) 122  5 111  5
Pads 68 (51%) 1 (1%)
Packing material 56 (42%) 1 (1%)
Limb and hoof conformation
Hoof shape asymmetry 39 (38%) 6 (9%)
Toe-in 17 (12%) 0 (0%)
Toe-out 119 (84%) 123 (92%)
Base-narrow 22 (16%) 12 (9%)
Base-wide 9 (7%) 5 (4%)
Short, upright pastern 49 (37%) 77 (58%)
Long, sloping pastern 1 (1%) 0 (0%)
Knock-kneed 92 (69%) –
Bow-legged 0 (0%) –
Over at the knee 1 (1%) –
Back at the knee 9 (7%) –
Camped-out 1 (1%) 12 (9%)
Camped-under 32 (24%) 2 (1%)
Cow-hocked – 101 (76%)
Sickle-hocked – 3 (2%)
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withers height (r2 = 0.04; P = 0.02), but not with BM (r2 = 0.01; P =
0.37). Furthermore, LDHW was correlated with LSupport_Toe (LF: r
2 =
0.46; P < 0.01; LH: r2 = 0.34; P < 0.01).
The mean of AP3palmar/AP3plantar was 4
; 5% of the horses had a
negative AP3palmar (0.5  0.3
) and 13% a negative AP3plantar (1.6
 1.4). In 95% of the LF and 86% of the LH, AP3med-lat was positive
(lateral higher than medial). Only one horse in the LF and two
horses in the LH had an AP3med-lat of 0
. Both in LF and in LH,
AHW_med was steeper than AHW_lat.
Prevalence of hoof capsule deformities and association with LDHW
The prevalence of different hoof capsule deformities and
deviations of the HPA is presented in Table 3. The most frequently
detected deformity was flares and the HPA was mostly broken
backwards, especially in the front limbs. In the LF, the occurrence of
flares at the toe (P = 0.042), a broken HPA (P = 0.003), and different
heights of the quarter walls (P = 0.013) were positively associated
with LDHW. The occurrence of flares (P = 0.051) and a broken HPA (P
= 0.009) were positively associated with RVolc.
Association of LDHW, resp. RVolc with gait performance
There was a positive correlation between LDHW (r
2 = 0.35; P <
0.01; Fig. 3) and RVolc (r
2 = 0.24; P < 0.001; Fig. 4) with tölt scores,
indicating that horses with longer hooves generally received
higher marks in competition.
Discussion
As hind hooves were not specifically trimmed for competition,
the discussion will focus on data from the front hooves.
When compared to data from horses with similar withers
height or BM, LDHW of the study horses (89  7 mm) was longer
than in ICE with a standard shoeing (Waldern et al., 2020) or three-
gaited horses and ponies (Turner, 1992; Thieme et al., 2015). Front
hoof LDHW measured in ISL was significantly longer (94  6 mm)
compared to all other competition sites (88  6 mm) and almost as
long as in ICE with an extreme competition shoeing (96.1  3.1
mm); all horses selected for an LDHW close to the maximal length
permitted by the FEIF (Waldern et al., 2020). This might reflect a
more traditional way of shoeing competition horses in Iceland.
Conversely, at the other competition sites, there might be a
stronger awareness for the common conventions of a standard
shoeing in other horse breeds focusing on biomechanical
principles assumed to be beneficial for the orthopaedic health
of the distal limb (Kummer et al., 2006). Dorsal hoof length was
found to be correlated to withers height (Kummer et al., 2006;
Thieme et al., 2015; Waldern et al., 2020) and relatively longer in
ponies compared to WB (Thieme et al., 2015). The correlation in
Fig. 1. Lengths.
Dorsal hoof wall length.
Height and length of hoof capsule.
Height and length of pedal bone.
Height of centre of rotation of the distal interphalangeal joint to the ground.
Distance between break-over point of the shoe and the line perpendicular to the centre of rotation of the DIPJ (LSupport_Toe).
Distance between the line perpendicular to the centre of rotation of the DIPJ and the heel of the horse shoe (LSupport_Heel).
Angles:
Palmar angle.
Dorsal hoof wall angle.
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our study was only weak probably due to the small range in
withers height. Compared to Waldern et al. (2020), RVolc in LF (4.8
 0.6) was almost as large as in ICE with extreme competition
shoeing (5.1  0.4) and larger than in normally shod ICE or WB at
the end of the shoeing period (both 4.1  0.4).
In a well-balanced WB hoof, LBalance should be about 50%
(O’Grady and Poupard, 2003). In the studied ICE, LBalance (LF: 64 
4%; LH: 62  5%) was clearly longer than this recommendation and
in LF it was also longer than in normally shod ICE (LF: 59.1  2.5;
LH: 61.0  3.3; Waldern et al., 2020) and three-gaited ponies (LF:
61  4%; LH: 63  4%; Thieme et al., 2015). Similar to ICE with an
extreme competition shoeing (Waldern et al., 2020), LBalance was
larger in LF than in LH, contrasting findings in normally shod ICE,
WB horses (Waldern et al., 2020) and three-gaited ponies (Thieme
et al., 2015).
In our study, LDHW positively correlated with LSupport_Toe, but not
with LSupport_Heel, which remained unchanged. As a consequence of
the force distribution within the hoof, LSupport_Toe is less prone to
wear and grows more than LSupport_Heel (Back and Pille, 2013;
Barrey, 1990). Thus, LDHW, which is easy to assess in practice, may
also provide information about longitudinal hoof balance.
In the studied ICE, the HPA was most often broken backwards
and was associated with a long LDHW. However, mean ADHW of the
study horses was in accordance with reference values published by
O’Grady and Poupard (2003) (LF: 4855; LH: 5260). Contrast-
ing literature data (O’Grady and Poupard, 2003; Wissdorf et al.,
2010), ADHW was even slightly steeper in LF compared to LH. The
broken backwards HPA therefore might also result from the
frequently observed short, upright LF pastern conformation.
In the literature, indications for AP3palmar/AP3plantar vary
between 08 (Redden, 2003), 210 (Parks, 2003) and 310
(Butler et al., 2008). In the current study, the mean AP3palmar/
AP3plantar was rather small (4  3
). A low (<3: 39%) or negative
(5%) AP3palmar/AP3plantar and a backwards broken HPA are biome-
chanically problematic, as during limb loading and especially
during break-over, structures like the DDFT and the navicular bone
will be subjected to increased forces (Eliashar et al., 2004; Floyd
and Mansmann, 2007).
Side wall angles of the hooves have been measured by Wissdorf
et al. (2010) and Thieme et al. (2015) with AHW_med (82  3
, resp.
81  5) being steeper compared to AHW_lat (75  3
, resp. 78  4).
In the present study, a similar side wall conformation was observed
in combination with a positive AP3med-lat in 87% of the ICE. This
mediolateral imbalance may be associated with the toed-out
conformation which was found in most of the horses (LF: 84%; LH:
92%). As horses with this conformation are likely to put more
weight on the medial wall of the hoof, the resulting pressure in this
area could impair hoof growth, resulting in this mediolateral
imbalance.
Deviations from normal hoof/limb conformation and balance,
shoeing type, as well as hoof growth during the shoeing period
are known to affect forces applied on the internal structures of the
equine foot (Willemen et al., 1999; Eliashar et al., 2004; Moleman
et al., 2006) and have been related to various hoof pathologies
Fig. 2. Lengths.
Width of pedal bone.
Width of hoof capsule.
Angles:
Medio-lateral angle.
Lateral/medial side wall angle.
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Table 2
Data (mean  standard deviation) collected at four competition sites (Herning, Denmark (DEN), Landsmòt, Iceland (ISL), Nordic Championship, Sweden (SWE), Mid-European
Championship, Germany (GER).
Total DEN ISL SWE GER
Number of horses 133 30 33 33 37
Withers height (cm) 139  3 139  3 140  4 139  3 139  3
BM (kg) 369  31 363  34 b 382  31 a 359  25 b 372  30
Front left
LDHW
c (mm) 89  7 89  6 b 94  6 a 88  6 b 87  6 b
LDHW (mm) 87  6 86  7
b 90  6 a 86  6 b 85  6 b
ADHW
c (degree) 51  4 51  3 51  3 51  3 52  4
ADHW (degree) 53  3 54  3 54  3 53  4 52  3
HHoof (mm) 70  5 70  6 72  5 70  5 68  5
LHoof (mm) 118  6 116  6 117  6 118  5 119  6
WHoof (mm) 120  6 118  4 122  6 118  6 120  6
HP3 (mm) 39  2 39  2 39  3 39  2 39  2
LP3 (mm) 69  4 68  3 69  4 70  4 70  4
WP3 (mm) 77  4 76  3 78  5 77  4 77  4
RVolc 4.8  0.6 4.7  0.6 5.0  0.6 4.7  0.7 4.7  0.5
AP3palmar (degree) 4  3 4  2 5  3 4  3 4  3
AP3med-lat (degree) 2  1 2  1 2  1 1  1 2  1
AHW_med (degree) 77  4 78  3 76  4 79  4 76  4
AHW_lat (degree) 74  4 74  3 73  3 76  4 74  4
LBalance (%) 64  4 62  4 66  4 64  4 63  3
Hind left
LDHW
c (mm) 86  6 84  4 b 89  6 a 84  5 b 85  5 b
LDHW (mm) 83  6 81  5
b 86  6 a 81  5 b 83  5 b
ADHW
c (degree) 52  4 52  5 51  4 52  4 53  4
ADHW (degree) 52  4 53  4 52  4 53  4 51  3
LHoof (mm) 114  8 114  15 112  4 113  4 116  6
WHoof (mm) 108  6 107  4 109  6 107  7 108  6
HHoof (mm) 69  4 68  4 71  4 68  4 69  4
LP3 (mm) 65  4 64  3 66  4 67  4 66  3
WP3 (mm) 73  3 72  3 73  4 73  3 74  3
HP3 (mm) 40  3 39  2 40  5 39  2 40  2
RVolc 4.5  0.6 4.6  0.8 4.5  0.6 4.3  0.5 4.5  0.4
AP3plantar (degree) 4  7 3  3 4  5 5  12 3  3
AP3med-lat (degree) 2  1 2  1 2  1 2  1 1  1
AHW_med (degree) 81  4 81  3 81  8 82  4 80  4
AHW_lat (degree) 76  4 76  4 74  4 76  3 78  5
LBalance (%) 62  4 62  4 64  5 62  3 61  5
LDHW, Dorsal hoof wall length; ADHW, Dorsal hoof wall angle; HHoof, Height of the hoof capsule; LHoof, Length of the hoof capsule; WHoof, Width of the hoof capsule; HP3, Height




plantar angle of P3; AP3med-lat, Mediolateral angle of P3; AHW_med/AHW_lat, Medial/lateral side wall angle; LBalance, Toe balance length as a percentage of the total
supporting length of the horseshoe (LBalance =
LSupportToe
LSupport  Þ.
a,b P < 0.05 between the four competition sites.
c Manually measured hoof parameters.
Table 3
Prevalence of hoof capsule deformities and deviations from a straight hoof pastern axis of left front hooves expressed in absolute numbers and as a percentages (n = 133).
Hoof capsule deformities Prevalence front hooves Prevalence
hind hooves









Contracted heels 7 (5%) 6% 5% 3% 7% 0.86 4 (3%)
Different heights of quarter walls 82 (62%) 40% 60% 70% 82% 0.013 83 (62%)
Uneven bulbs 26 (20%) 20% 20% 17% 21% 0.93 10 (8%)
Uneven coronary band 32 (24%) 26% 18% 27% 29% 0.67 22 (17%)
Flares toe 106 (80%) 71% 80% 77% 93% 0.042 58 (44%)
Flares lateral 95 (71%) 71% 65% 63% 89% 0.22 81 (61%)
Flares medial 103 (77%) 77% 78% 73% 82% 0.87 49 (37%)
Flares (all) 117 (88%) 83% 88% 87% 96% 0.060 101 (76%)
Hoof cracks 23 (17%) 17% 18% 23% 11% 0.79 9 (7%)
Ring hooves 37 (28%) 23% 23% 40% 29% 0.16 22 (17%)
Hoof pastern axis 0.003
Forward broken 15 (11%) 14% 13% 13% 4% 37 (28%)
Backward broken 89 (67%) 49% 68% 63% 93% 50 (38%)
P of LDHW, P-values of the logistic regression analysis with manually measured dorsal hoof wall length (LDHW) as an independent factor and the listed hoof pathologies as
dependent factor.
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(Holroyd et al., 2013; Oosterlinck et al., 2015). In the present
study, hoof capsule deformities such as uneven height of quarter
walls and toe flares, and a backward-broken HPA were positively
associated with LDHW (Table 3). They occurred more frequently in
the longer LF than in the shorter LH which might be due to the fact
that hoof manipulations in ICE mainly affect the front hooves.
Biomechanically, larger hooves are subjected to increased joint
moments during break-over as well as to larger shear and lever
arm forces on uneven ground or when the hoof is not landing
evenly (Weishaupt et al., 2013), possibly explaining the higher
prevalence of hoof capsule deformities such as flares.
Fig. 3. Correlations of tölt marks with dorsal hoof wall length (LDHW) of the left front hoof (n = 50; r
2 = 0.35).
Fig. 4. Correlations of tölt marks with the ratio of the volume coefficient of the hoof capsule to the volume coefficient of the distal phalanx (RVolc) of the left front hoof (n = 50;
r2 = 0.24).
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In addition to hoof manipulation, there are various reasons for
the increased occurrence of hoof deformations in the front hooves.
Hoof deformities might also arise as a natural phenomenon of
function (supporting vs. propulsive) and the fact that front limbs
carry the majority of the BM of the horse (Waldern et al., 2009). A
higher prevalence of hoof pathologies occurring in the front limbs
was also found in other breeds (Łuszczynski et al., 2015). Moreover,
conformational factors might also play a role such as a toe-out
conformation resulting in uneven quarter walls (O’Grady and
Castelijns, 2011; O’Grady and Poupard, 2003; Parks, 2011). The
general occurrence of hoof problems and their location is probably
also dependent on breed and use (Łuszczynski et al., 2015).
Overall, the studied ICE were rather uniform in terms of
conformation and showed a small range in LDHW. A study
population of horses with a broader range in LDHW and
conformational parameters might reveal more correlations be-
tween LDHW and different hoof pathologies.
Tölt scores were positively correlated with both LDHW (Fig. 3)
and RVolc (Fig. 4). Improvements of performance through shoeing
manipulation are not unique in ICE, and are also practiced in other
disciplines, i.e. Tennessee Walkers, Western Pleasure (Underwood
et al., 2016) or Dressage horses (Clayton, 1990). It is the duty of the
equestrian community to critically question performance enhanc-
ing methods if these are potentially detrimental to wellbeing and
to find the ideal trade-off to combine both purposes.
Conclusions
Overall, measurements were in accordance with published
values, but showed some deviations from an ideal hoof balance
(backward broken HPA, imbalanced P3, long LBalance). However, it
remains open to the extent to which these imbalances were caused
by manipulation of the hoof or conformation. This study showed
that certain structural deformities of the hoof were associated with
a longer LDHW, which should therefore be strictly regulated. In view
of these findings, it is reassuring that the FEIF adapted the
regulations for forelimb LDHW of ICE in competition to a maximum
of 90 mm with exception of horses of 1.45 m and taller, which are
allowed to have a LDHW of 95 mm (International Federation of
Icelandic Horse Associations, 2020).
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